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ASCAP Work-In-Progress

®csx: DTC/ICBTM

®New York City Transit: Communication-based Train Control
(CBTQC)

®Maglev, Inc: Transrapid Maglev System

®ockheed Martin/IDOT: Positive Train Control (PTC)
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CSX DTC Safety Case Evidences Slice

®Human-factors
®Human-factors
®Switch Group
®Bridge Group
®Broken Rail Group
®All Object Groups

®Total System Risk
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DTC Train Line
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DTC Assessment

CBTM DTC
Automatic-centric - Human-centric
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Risk Assessment

Subject to: A High Degree of Confidence

And: MTTHE Compliancefor all Objects
Subject to: A High Degree of Confidence
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Risk

RISK CURVE

C:MIN

Train Miles
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| . Failure Rate
C: Failure Coverage
m Repair Rate
d: Repair Coverage

Physical Object Modeling

Operational

(1-O)l

Fail-Safe Fail-Unsafe
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PERFORMANCE SAFETY
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Non-Responsive

Human-factors Model Framework

® Responsive: recognizes need for action
m Compliant: performs correct action
m Non-Compliant: performs incorrect action

®Non-Responsive: does not recognize need for
action

Drexpl®

Responsive

1- pcomp (t)

Compliant Non-Compliant
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RISK: Human-factors Non-Compliance

CASE 1. All ObjectsHazard-free

RER for imperfect agents for 10 Million train miles
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Histogram: Human-factors Non-Compliance

CASE 1. All ObjectsHazard-free

Complete behavioral model (all objects operational)
Dispatcher HEP = 0.0000495, Crew HEP = 0.0000495
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RISK: Human-factors Compliance

CASE 2: Switch Group Non-Hazard-free
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Histogram: Human-factors Compliance

CASE 2: Switch Group Non-Har zard-free
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RISK: Human-factors Compliance

CASE 3: Broken Rail Group Non-Har zard-free

Train density = 30 (Object under test = Broken Rail)
Agents Perfect
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Histogram: Human-factors Compliance

CASE 3: Broken Rail Group Non-Har zard-free
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Histogram: Human-factors Compliance

CASE 4: Bridge Group Non-Har zard-free
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RISK: Human-factors Non-Compliance

CASE 6: Broken Rail Group Non-Har zard-free
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Histogram: Human-factors Non-Compliance

CASE 6: Broken Rail Group Non-Har zard-free
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Confidence: Human-factors Non-Compliance

CASE 6: Broken Rail Group Non-Har zard-free

Exceedance CDF for Mishaps per Ten Million Train Miles (due to Broken Rail)
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RISK: Human-factors Non-Compliance

CASE 7: Bridge Group Non-Har zard-free
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Histogram: Human-factors Non-Compliance

CASE 7: Bridge Group Non-Hazard-free
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Confidence: Human-factors Non-Compliance

CASE 7: Bridge Group Non-Har zard-free

Exceedance CDF for Mishaps per Ten Million Train Miles (due to Bridges)
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RISK: Human-factors Non-Compliance

CASE 8: Switch Group Non-Har zard-free
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Histogram: Human-factors Non-Compliance

CASE 8: Switch Group Non-Har zard-free
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Confidence: Human-factors Non-Compliance

CASE 8: Switch Group Non-Hazard-free

Exceedance CDF for Mishaps per Ten Million Train Miles (due to Switches)
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RISK: Human-factors Non-Compliance

CASE 10: All Object Groups Non-Hazard-Free

Risk Exposure Region (Train Density = 30)
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Confidence: Human-factors Non-Compliance

CASE 10: All Object Groups Non-Hazar d-Free

Exceedance CDF for Mishaps per Ten Million Train Miles (entire DTC System)

©
\l

0.6
— Cov =0.8
0.5 — Cov =0.9
— Cov = 0.95

°
IN

Probability of Having X or Fewer Mishaps
o
w

o
N

(0] 10 20 30 40 50
Accumulated Mishaps (X)

November 1, 2000 RSAC Meeting November 8, 00 Slide 27




